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(57) Provided is a maintenance operation assistance
system comprising: a failure knowledge database where-
in failure knowledge data is recorded; a failure knowledge
coupling unit for reconstructing partial failure knowledge
data into failure knowledge data; and an inspection pro-
cedure generation unit for presenting an inspection pro-
cedure using the reconstructed failure knowledge data.
The failure knowledge coupling unit evaluates and ad-

MAINTENANCE OPERATION ASSISTANCE SYSTEM

justs the relatedness of nodes among different instances
of partial failure knowledge data, and connects the dif-
ferent instances of partial failure knowledge data. On the
basis of the reconstructed failure knowledge data, the
inspection procedure generation unit sets priorities for
when presenting the inspection procedure, and presents
the inspection procedure to a diagnostic interface unit in
accordance with the priorities.
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Description
Technical Field

[0001] The presentinvention relates to a maintenance
operation assistance system.

Background Art

[0002] In many fields such as infrastructure, railways,
industrial equipment, and medical equipment, it is nec-
essary to continuously perform maintenance after assets
(various equipment) are introduced in order to maintain
predetermined performance. In the maintenance, a state
ofthe assetis collected, and an appropriate maintenance
operation is applied after a diagnosis foranalyzing wheth-
er or an abnormality occurs or a problem occurs is ap-
plied.

[0003] In the diagnosis of the asset, a faulty asset, a
faulty part, and a measure such as replacement, repair,
or restoration to be performed is generally specified
based on an inspection result of the asset performed by
a maintenance operator and a state of the asset acquired
by a sensor. In order to perform the specification thereof,
the maintenance operator needs to have a knowledge
and a general engineering knowledge of the asset.
[0004] In recent years, as an information technology
has become developed, it has become easier to use an
IT technology such as a diagnostic technology for col-
lecting the state of the asset with the sensor and grasping
a current state of the asset, and diagnosis assistance
using the IT technology has been examined. A diagnosis
assistance technology for assisting an efficient inspec-
tion order by appropriately instructing an inspection por-
tion and an inspection content of the asset and supple-
menting the lack of the knowledge and engineering
knowledge of the maintenance operator regarding the
asset has been put into practical use.

[0005] In order to realize a maintenance operation as-
sistance system equipped with such a diagnosis assist-
ance technology, for example, a maintenance operation
assistance system having faulty parts candidate and in-
spection means for guiding an inspection portion to the
maintenance operator, failure knowledge data in which
a relation between a phenomenon and a failure is de-
scribed, and guide providing means for presenting the
data in an order is considered.

[0006] As an example of the maintenance operation
assistance system having the failure knowledge data and
the guide providing means, PTL 1 describes a method
including "a step of providing a failure knowledge data-
base of a target system, a data record specifying a failure
mode and a failure indication, a step of receiving a spe-
cific component and a report, a step of specifying a can-
didate failure mode and an indication data record while
referring the failure knowledge database, a step of cal-
culating reliabilities of candidate data records, a step of
comparing the reliabilities, and a step of generating a
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maintenance command. The method further includes a
step of providing a correction database of the failure in-
dication to a subset of the failure knowledge database.
A replacement component and a replacement failure in-
dication have a failure mode and an indication data
record. In the specifying step, the number of candidate
failure modes and the number of indication data records
including the replacement component and the replace-
ment failure indication are expanded by using the cor-
rection database (extracted from Abstract)".

Citation List
Patent Literature

[0007] PTL 1: JP 2014-174983 A

Summary of Invention
Technical Problem

[0008] When the diagnosis assistance is performed by
using the failure knowledge data, the failure knowledge
data (1) describes a failure candidate of a target asset
and a related phenomenon with a high coverage and (2)
describes a knowledge having a configuration in which
structural and functional configurations of the asset are
followed in order or describe a knowledge with no incon-
sistency or duplication as a whole, it is necessary for the
maintenance operator to clearly recognize an operation
procedure and easily narrow down the faulty parts.

[0009] However, itis necessary to perform a consistent
management, a large-scale knowledge extraction oper-
ation and description operation when the failure knowl-
edge data described above is created. It is necessary to
maintain consistency by adjusting the entire contents
when the knowledge data is updated. Accordingly, a bur-
den of creating and updating the knowledge data be-
comes extremely large, and such a burden becomes a
problemin constructing the diagnosis assistance system.
[0010] Thus, an object of the present invention is to
provide a highly practical maintenance operation assist-
ance system that suppresses a burden of creating failure
knowledge data by creating the failure knowledge data
with a small scale in a distributed manner and creates a
diagnosis procedure for instructing an appropriate pro-
cedure to a maintenance operator even though the failure
knowledge data is created in such a distributed manner.

Solution to Problem

[0011] In order to solve the problems, the present in-
vention provides a maintenance operation assistance
system including a failure knowledge database in which
failure knowledge data regarding a failure of an asset is
recorded, a failure knowledge coupling unit that recon-
structs, as the failure knowledge data, instances of partial
failure knowledge data which are instances of the failure
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knowledge data created by being partially divided, and
an inspection procedure generation unit that presents an
inspection procedure to a maintenance operator by using
the reconstructed failure knowledge data. The failure
knowledge coupling unit evaluates and adjusts a relat-
edness between description contents of instances of dif-
ferent partial failure knowledge data in nodes, connects
the instances of different partial failure knowledge data,
and reconstructs the instances of connected different
partial failure knowledge data as the failure knowledge
data, and the inspection procedure generation unit sets
priorities when an inspection procedure is presented to
the maintenance operator by the reconstructed failure
knowledge data, and presents the inspection procedure
to a diagnostic interface unit based on the priorities.

Advantageous Effects of Invention

[0012] Accordingtothe presentinvention, itis possible
to realize an efficient maintenance operation of reducing
man-hours to create all instances of failure knowledge
data by constructing the failure knowledge data obtained
by integrating individual partial failure knowledges and
realizing failure diagnosis assistance in a combination of
a plurality of instances of failure knowledge data failure
knowledge data.

Brief Description of Drawings
[0013]

[FIG. 1] FIG. 1 is a configuration diagram of a fault
identification assistance system in a first embodi-
ment.

[FIG. 2] FIG. 2 is a diagram illustrating an example
of failure knowledge data.

[FIG. 3] FIG. 3 is a diagram illustrating an example
of data illustrating a structural development of an as-
set.

[FIG. 4] FIG. 4 is a diagram illustrating partial failure
knowledge data in a graph format.

[FIG. 5] FIG. 5 is a diagram illustrating the partial
failure knowledge data in a table format.

[FIG. 6] FIG. 6 is a flowchart illustrating processing
of a failure knowledge coupling unit.

[FIG. 7] FIG. 7 is a diagram illustrating an example
of a relation score table.

[FIG. 8] FIG. 8 is a diagram illustrating an example
of a score table.

[FIG. 9] FIG. 9 is a diagram illustrating an example
of an adjusted score table.

[FIG.10] FIG. 10is adiagramillustrating an example
of failure knowledge data after reconstruction.
[FIG.11]FIG. 11is aflowchartillustrating processing
of an inspection procedure generation unit.
[FIG.12] FIG. 12is adiagramillustrating an example
of an inspection procedure priority.

[FIG. 13] FIG. 13is adiagramillustrating an example
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of a relation between instances of different partial
failure knowledge data.

[FIG. 14] FIG. 14 is a diagram illustrating partial fail-
ure knowledge data having alink to a diagnosis result
of whether or not a related abnormality occurs and
sensor data useful for diagnosis.

[FIG. 15] FIG. 15is adiagram illustrating an example
of a failure inspection GUI.

[FIG. 16] FIG. 16 is a diagram illustrating another
example of the failure inspection GUI.
[FIG.17]FIG. 17 is adiagram illustrating an example
of a GUI for creating the partial failure knowledge
data.

[FIG. 18] FIG. 18 is a diagram illustrating an example
of a GUI for creating a relatedness between instanc-
es of partial failure knowledge data.

[FIG. 19] FIG. 19 is a configuration diagram of a fault
identification assistance system in a second embod-
iment.

[FIG. 20] FIG. 20 is a diagram illustrating an example
of inspection procedure data.
[FIG.21]FIG.21isadiagramillustrating a data struc-
ture in which inspection procedure data and failure
knowledge data are combined.

[FIG. 22] FIG. 22 is a diagram illustrating an example
of an inspection procedure screen.

Description of Embodiments

[0014] Hereinafter, embodiments will be described
with reference to the drawings. The present invention is
not limited to the following embodiments, and various
modifications and applications can be made within a
technical concept of the present invention.

[First embodiment]

[0015] FIG. 1 is a configuration diagram illustrating a
fault identification assistance system 10 for an asset 1.
The fault identification assistance system 10 includes,
for example, a monitor diagnostic database 2 including
sensor measurement values obtained from the asset 1,
a failure knowledge database 3 in which failure knowl-
edge data such as asset failure is recorded, a failure in-
spection result database 4, and a processing device that
includes a failure knowledge coupling unit 5 that recon-
structs instances of partial failure knowledge data (defi-
nition will be described later) as failure knowledge data,
an inspection procedure generation unit 6 that presents
an inspection procedure to maintenance operators, a fail-
ure knowledge creation unit 7, a diagnostic user interface
unit (diagnostic interface unit) 8, and a creation user in-
terface unit 9. Although each of the databases 2 to 4 is
realized by storage means such as a hard disk drive
(HDD) or a random access memory (RAM), each of the
units 5to 7 is realized by a program recorded in a central
processing unit (CPU), a read only memory (ROM), or a
RAM, and each of the interface units 8 to 9 is realized by
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an input and output device such as a touch panel and a
combination of a display and a keyboard (a PC, a tablet
terminal, a mobile phone, or the like), the present inven-
tion is not limited thereto. The roles of these databases
and units will be described in detail below.

[0016] Although the present invention is not limited to
a specific asset, a diagnostic technology, and an analysis
technology, a diagnosis of a passenger cabin door of a
railway will be described as an example in the following
description.

[0017] A structure of the asset 1, a failure mode, a re-
latedness between a functional failure and the failure
mode, a relatedness between the functional failure and
a failure effect, and a relatedness between a phenome-
non observed at the time of failure and the failure mode
are recorded as failure knowledge data 30 in the failure
knowledge database 3. The failure knowledge data 30
does not need to include a failure knowledge of the entire
asset 1 and the relatedness, and a failure knowledge
created for each part of a structure or a function of a
target knowledge may be saved. It is assumed that struc-
tural development data of the entire target asset is also
recorded.

[0018] FIG. 2 is a diagram illustrating an example of
failure knowledge data 30A. Information regarding a par-
tial knowledge ID 31, a target component 32, a failure
mode 33, a failure cause 34 causing the failure mode,
and a failure effect 35 due to the failure mode is included
in the failure knowledge data 30A. It is not necessary to
create the whole data at once, but the failure knowledge
data 30Ais created for each part by a partial expert knowl-
edge holder for the asset or by adding data corresponding
to a creation version. A division status of the knowledge
data accompanying the division of the creation is record-
ed as the partial knowledge ID 31.

[0019] Data 30B indicating a structural development
ofthe asset 1 illustrated in FIG. 3 is recorded in the failure
knowledge database 3. FIG. 3 illustrates a conceptual
diagram of the data 30B such that the structural devel-
opment of the components constituting the asset 1 is
clear, but this data is recorded in a table format (the table
is notillustrated). Here, constituent components of a door
P1 include a door rail P2, a door leaf P3, an actuator P4,
and an air pipe P7, and constituent components of the
actuator P4 include a piston P5, a cylinder P6, and an
adjustment valve P8.

[0020] Referring backto FIG. 2, eachrow (No. 1to No.
21in FIG. 2) of the failure knowledge data 30A indicates
a combination of the target component 32, the failure
mode 33, the failure cause 34, and the failure effect 35,
and is handled as the smallest unit of the failure knowl-
edge.

[0021] Here, it is possible to describe which factor
causes the failure effect in the failure knowledge data-
base 3 by describing the relatedness between the failure
cause and the failure effect among elements recorded in
the failure knowledge data 30A. Regarding the failure
effect that appears in a certain target component, which
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failure mode causes the failure effect and which failure
cause causes the failure mode are described as a relat-
edness between data IDs.

[0022] Itis possible to describe a causal relation chain
in which when a failure appears in a component that pro-
vides a subordinate function, the failure effect is the fail-
ure cause of the superordinate function for different com-
ponents.

[0023] Asdescribed above, the failure knowledge data
30A is a combination of data created by being partially
divided. As stated above, the data created by being par-
tially divided is called partial failure knowledge data (or
a partial knowledge). The partial failure knowledge data
is recorded in the failure knowledge database 3 in the
table format.

[0024] The partial failure knowledge data indicates a
relatedness between the failure cause and the failure ef-
fect between elements. FIGS. 4 and 5 are diagrams il-
lustrating partial failure knowledge data 30C, and illus-
trate the relatedness described above in a graph format
and a table format, respectively. As illustrated in FIG. 4,
the partial failure knowledge data 30C indicates the re-
latedness between the same components by solid lines
and the relatedness between different components by
broken lines for nodes ofthe target component, the failure
mode, the failure cause, and the failure effect. As illus-
trated in FIG. 5, the relatedness thereof is recorded as a
partial knowledge ID 36, a source node 37, and a desti-
nation node 38. In the following description, the partial
failure knowledge data 30C will be described mainly us-
ing the graph format.

[0025] Evenwithonlythe partialfailure knowledge data
30C, the failure inspection can be partially performed.
For example, in a case where the maintenance operator
receives a report of "door opening is abnormally slow
and operation is delayed", when an inspection of the door
is actually performed after starting from a failure effect
node of "operation delay" indicated by E1.1.2 and a fail-
ure mode node of "opening time is long" indicated by
M1.1.2 and a failure cause mode of "loss of grease" in-
dicated by C1.2.2 can be finally confirmed after tracing
a failure cause mode of "leaf movement time is slow"
indicated by C1.1.3, a failure effect node of "movement
of door leaf is inhibited" indicated by E1.2.1, and a failure
mode node of "resistance increase" indicated by M1.2.1,
a measure of "grease is added to door rail P2" can be
performed.

[0026] However, itis not possible to inspect details for
a failure cause mode of "door leaf movement speed is
fast"indicated by C1.1.4. Asdescribed above, in the case
of the partial failure knowledge data 30C, since the failure
knowledge is created only for each part, a failure inspec-
tion limited to a range in which the partial knowledge 1D
36 is "1" is performed. Thus, even though the partial fail-
ure knowledge data 30C having the partial knowledge ID
36 of "1" and the failure knowledge data 30C having an-
other partial knowledge ID 36 have the relatedness of
each node of the target component, the failure mode, the
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failure cause, and the failure effect, it is not possible to
perform an efficient failure inspection only with the partial
failure knowledge data 30C having the partial knowledge
ID 36 of "1".

[0027] When the failure knowledge data 30C having
another partial knowledge ID 36 includes a failure knowl-
edge related to the actuator P4 and "when the actuator
P4 exerts excessive force, an abnormality such that the
door leaf movement quickly occurs" is recorded in the
failure knowledge data, it is possible to perform an effi-
cient failure inspection. That is, even though the partial
knowledge IDs are different, since there is a possibility
that the partial knowledges have the relatedness of the
target component, the failure mode, the failure cause,
and the failure effect, it is necessary to reconstruct a plu-
rality of instances of partial failure knowledge data 30C
as an integrated failure knowledge data 30A.

[0028] When there is an attempt to reconstruct the fail-
ure knowledge data 30A, even though a connection re-
lation between the instances of partial failure knowledge
data having different partial knowledge IDs 36 (hereinaf-
ter, referred to as "instances of different partial failure
knowledge data") 30C is manually defined, the failure
knowledge data is often defined only by the maintenance
operator who has expert knowledge for each asset in a
large-scale device or a complicated device, and the
number of partial failure knowledge data becomes enor-
mous.

[0029] Itis also considered that the failure knowledge
data is created at different times. Man-hours to create
the failure knowledge data become more realistic than a
case where the instances of failure knowledge data are
created by a plurality of persons or a case where the
failure knowledge data or all the instances of failure
knowledge data are created all at once at different times.
However, since a plurality of connection points is con-
firmed among maintenance operators and an operation
of defining an accurate cause-effect is performed, it is
difficult to manually define the relatedness between the
instances of partial failure knowledge data.

[0030] When such inspection knowledge data is cre-
ated, it is necessary to define the relatedness between
the knowledges at an appropriate connection pointin ac-
cordance with the function and structural development
of the asset. Since there may be duplication or inconsist-
ency in the individually created knowledge, it is neces-
sary to create data for which a display order and display
or not are considerable when a guide is presented to the
maintenance operator.

[0031] Accordingly, when the failure knowledge data
30A is reconstructed, it is necessary to automatically
search for the connection relation between the instances
of different partial failure knowledge data 30C.

[0032] The reconstruction of the partial failure knowl-
edge data 30C is executed in the failure knowledge cou-
pling unit 5. FIG. 6 is a flowchart illustrating processing
of the failure knowledge coupling unit 5.

[0033] First, the failure knowledge coupling unit 5 ex-
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ecutes inter-node relatedness measurement processing
of evaluating a relatedness between description contents
at each node between the instances of different partial
failure knowledge data 30C (S10). Here, a score X indi-
cating a node relatedness between the instances of dif-
ferent partial failure knowledge data 30C is calculated in
consideration of a textual similarity between the descrip-
tion contents at the node, a coincidence of node types,
a distance in the structural development, and the like.
[0034] For example, when two nodes are compared,
it is considered that a ratio W of the number of matching
words in the description contents of each node to the
total number of words, a relation score S corresponding
to the type of the connected node (see a relation score
table 200 illustrated in FIG. 7), and a distance L between
the components in the structural development illustrated
in FIG. 3 are used.

[0035] Here, the "matching word" in the calculation of
W is not limited to a directly matching word, but includes
a synonym. In the case of the antonym, the ratio W may
be adjusted to be lowered. Regarding the relation score
S, a connection of "failure effect-failure cause" indicating
the most appropriate causal relation (a node connection)
has a high score, but another connection of "failure mode-
failure cause" and the like also have scores. Originally,
when there are certain target components A and B, there
may be a causal relation chain such as "failure mode of
A-failure effect of A-failure cause-B". However, an ap-
propriate failure effect of A is not merely extracted while
the partial failure knowledge is examined, and there is a
possibility that there is the causal relation in reality. Sim-
ilarly for other causal relations, scores are set even
though there is no node to be presentin the middle. The
distance L is defined as L = N + 1 when N is the number
of intermediate components present between the com-
ponents in the structural development.

[0036] By such a method, weighting factors are calcu-
lated as A, B, and C, and the score is calculated as X =
A X W +B X S +C/L. FIG. 8 illustrates, as an example
of the score X indicating the node relatedness between
the instances of different partial failure knowledge data
30C, a score table 300 calculated between data related
to the actuator P4 of the partial failure knowledge data
30C having the partial knowledge ID 36 of "2" and the
partial failure knowledge data 30C having the partial
knowledge ID 36 of "1".

[0037] For example, whether or not there are a direct
connection and an input and output relation between the
components or after a spatial distance in the arrange-
ment may be considered in the calculation of the score
X. For example, since the actuator P4 directly drives the
door leaf P3, a score between the node related to the
actuator P4 and the node related to the door leaf P3 may
be higher than a score between the node related to the
actuator P4 and the node related to the door rail P2. In
a past failure history, when there is a relatedness be-
tween the cause of the failure, the effected component,
and the failure mode, the score may be created by using
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the relatedness.

[0038] The failure knowledge coupling unit 5 executes
relatedness adjustment processing of adjusting the cre-
ated relatedness and score (S20). First, when the score
X is lower than a threshold value T (for example, T = 2),
since there is no relatedness in reality, this score is de-
leted from the score table 300 illustrated in FIG. 8.
[0039] Since the connection of the causal relation is
considered, it is considered that the connection relation
from the lower function to the higher function is appro-
priate, but the connection relation from the higher func-
tion to the lower function is inappropriate. As a method
of solving such an inappropriate connection relation,
when there is a function development diagram, the con-
nection relation that is the relation from the higher func-
tion to the lower function is deleted from the connection
relation. When there is no function developmentdiagram,
the structural development diagram is used. This is be-
cause it seems reasonable that afunction of a structurally
large component is generally realized by a function of a
component included in the structurally large component.
Thus, the connection relation from the higher component
to the lower component is deleted by using an inclusion
relation appearing in the structural development dia-
gram. In the present embodiment, the connection from
the door P1 to the actuator P4 can be deleted by using
the structural development diagram illustrated in FIG. 3.
[0040] FIG. 9 illustrates an adjusted score table 310
after the relatedness adjustment processing (S20) is ex-
ecuted on the score table 300 illustrated in FIG. 8. Here,
data having the score X lower than 2 and data of which
the node ID of a connection source is P1 and the node
ID of a connection destination is P4 are deleted.

[0041] Subsequently, the failure knowledge coupling
unit 5 executes partial knowledge connection processing
(S30) of connecting the instances of different partial fail-
ure knowledge data based on the adjusted score table
310 adjusted in the relatedness adjustment processing
(S20) and reconstructing the instances of partial knowl-
edge connection as the failure knowledge data.

[0042] In the partial knowledge connection processing
(S30), integration processing of the failure knowledges
described for the same components such as instances
of data of which the partial knowledge IDs 31 are "knowl-
edge 3" and "knowledge 4" in the failure knowledge data
30A illustrated in FIG. 2 is performed. At this time, when
it is determined that the similarity is high from the simi-
larity of the description content, since the nodes of the
failure mode, the effect description, and the cause de-
scription have the same contents, these nodes are inte-
grated into a single node. The similarity at this time can
be implemented by matching from words or word mean-
ing dictionaries.

[0043] Thereisapossibility thatthe description content
is inconsistent when this integration processing is per-
formed. For example, in the case of the failure knowledge
data 30A illustrated in FIG. 2, there is a possibility that
description contents of a safety effect and an operation
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effect are different by the evaluation of different creators.
In this case, an average of the contents is first obtained.
For example, when the evaluation of one safety effect is
"high" and the evaluation of the other safety effectis "low",
the evaluations of the safety effects are integrated as
"middle". Alternatively, it is determined that as the
number of nodes associated with the component is large
in each knowledge, a result obtained by performing a
more detailed analysis, and the content of the partial
knowledge having the larger number of nodes is priori-
tized. Forexample, in the case of FIG. 2, since the knowl-
edge 4 has a larger number of associated nodes, the
content of the knowledge 4 has priority over the knowl-
edge 3.

[0044] FIG. 10 is a diagram illustrating an example of
failure knowledge data after reconstruction 100 after the
partial knowledge connection processing (S30) is exe-
cuted. In FIG. 10, a new connection relation is generated
between three instances of different partial failure knowl-
edge data 30C-1 to 30C-3. For example, between the
partial failure knowledge data 30C-1 and the partial fail-
ure knowledge data 30C-2, a new connection relation is
generated between "door leaf movement is fast" as the
failure cause node of the door P1 and "movement is ab-
normally fast" as the failure effect node of the actuator
P4, and a new connection relation is generated between
"door leaf movement is slow" as the failure cause node
of the door P1 and "movement is abnormally slow" as
the failure effect node of the actuator P4. Similarly, be-
tween the partial failure knowledge data 30C-2 and the
partial failure knowledge data 30C-3, a new connection
relation is generated between "very-high air flow rate" as
the failure cause node of the actuator P4 and "very-high
air flow rate" as the failure effect node of the adjustment
valve P8, and a new connection relation is generated
between "very-low air flow rate" as the failure cause node
of the actuator P4, "air flow rate decrease", "air flow rate
decrease, leak sound", and "air does not flow" as the
failure effect nodes of the adjustment valve P8. Between
the partial failure knowledge data 30C-1 and the partial
failure knowledge data 30C-3, a new connection relation
is generated between "door leaf does not move" as the
failure cause node of the door P1 and "air does not flow"
as the failure effect node of the adjustment valve P8.
[0045] When the maintenance operator actually per-
forms a failure diagnosis, the operator receives an in-
struction of an inspection procedure from the inspection
procedure generation unit 6 through the diagnostic user
interface unit 8. Here, the inspection procedure genera-
tion unit 6 presents the inspection procedure to the main-
tenance operator based on the failure knowledge data
after reconstruction 100. Hereinafter, an operation of the
inspection procedure generation unit will be described.
[0046] FIG. 11 is a flowchart illustrating processing of
the inspection procedure generation unit 6. First, failure
knowledge reading processing (S40) of reading the fail-
ure knowledge data reconstructed 100 is executed.
[0047] Subsequently, start point setting processing
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(S50) of determining the component which is a start point
of the inspection procedure is executed. In the start point
setting processing (S50), the door P1 which is the highest
componentinterms of the connection relation is selected.
Alternatively, when there is a preliminary failure status
report before the maintenance operator starts the inspec-
tion, the component of which the content matches the
most with the content of the designated component or
the phenomenon at the time of the designated failure and
the content of the node of the inspection knowledge is
selected. Here, the door which is the highest component
is set as the start point.

[0048] Thereafter,loop processing S60to S110is con-
tinued until the faulty parts are specified while repeating
the presentation of the guide, the reception of the input
of the result at the inspection stage from the operator,
and the reflection of this result.

[0049] In priority setting processing (S70), when the
guide is presented to the maintenance operator, a priority
indicating an order in which the graph of the inspection
knowledge data is traced is generated. Here, a priority
D is a weight numerical value given between the nodes,
and is the order in which the maintenance operator is
recommended to confirm the node contentto be proceed-
ed to as illustrated in FIG. 12. In this case, an inspection
progress of D = 5 is presented with the highest priority.
In the priority setting processing (S70), this priority is set
such that the fault identification can be guided most eas-
ily.

[0050] Hereinafter, a method of setting the priority will
be described. First, the priority D is set to a value of 0 or
more. However, when D =0, the connection between the
nodes is not guided. There are various methods of de-
termining D. For example, there is a method of increasing
D between the nodes in which the number of times the
maintenance operator traces is large at the time of past
failure inspection or a method of increasing D between
the nodes connected to the failure mode in with a high
appearance rate. In the present embodiment, in particu-
lar, a method specific to the inspection knowledge cre-
ated by integrating the partial failure knowledges of the
present invention will be described.

[0051] Dis calculatedas D=1 X D_1 X D_2 X... by
multiplying a correction coefficient D_i which is consid-
ered from the following factors by using D=1 as a stand-
ard value. D _iis set to 1 unless otherwise specified.
[0052] Since the inspection knowledge of the present
invention is created by integrating the instances of partial
failure knowledge data, the partial failure knowledge data
to be created differs depending on the part. Thus, when
the relatedness between the nodes is evaluated, it is con-
sidered that the priority is changed depending on the par-
tial failure knowledge data to which both the nodes be-
long. The correction coefficient based on the relatedness
between the instances of partial failure knowledge data
isD_1.

[0053] When there is a connection from a certain node
to the same partial failure knowledge data, the priority is
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corrected first such that this connection is given with the
highest priority. Thisis becauseitis possible to determine
that there is a high possibility that the creator creates the
integrated partial failure knowledge data by recognizing
that this data has a strong causal relation. When the in-
tegrated partial failure knowledge data is created by the
same creator, the description content is consistent, and
there is ahigh possibility that the description can be easily
understood when the instruction is presented to the op-
erator. At this time, for example, the correction coefficient
D 1issettoD_1=10.

[0054] When there is a connection from a certain node
to the different partial failure knowledge data, first, the
relatedness commonly included between the instances
of partial failure knowledge data is prioritized, and the
priority is corrected. This is because the creators of the
instances of different partial failure knowledge data have
commonly found out the factor, and thus, there is a high
possibility that the failure is an important failure such as
a high appearance rate and a large failure effect. At this
time, for example, D_1 = 2.

[0055] The priority D is corrected such that the node
created from the partial failure knowledge data having a
more enriched content is preferentially guided. This is
because the quality of the partial failure knowledge data
depends on each knowledge of the creator regarding the
asset. Thus, the partial failure knowledge data created
by a knowledgeable creator covers the failure knowledge
such as a wider range of failure modes, and more con-
nections of the causal relation of the failure appearance
are set. Since there are few errors in the contents, there
is a high possibility that the data contributes to a guide
for accurately specifying faulty parts without omission. It
is assumed that a correction coefficient for a rank based
on a degree of enrichment of the knowledge is D_2 and
a reciprocal of the rank of the degree of enrichment of
related partial failure knowledge data is D_2.

[0056] For example, as illustrated in the failure knowl-
edge data 30A illustrated in FIG. 2, the partial knowledge
3 and the partial knowledge 4 describe the same adjust-
ment valve P8, but there is a difference between the con-
tents. FIG. 13 is a diagram illustrating a relation between
a part of the partial knowledge 2, the partial knowledge
3, and the partialknowledge 4 as an example of adiagram
illustrating the relation between the instances of different
partial failure knowledge data. In this example, the main-
tenance operator attempts to inspect the details of "very-
low air flow rate" which is considered to be the cause of
"very-low actuating force" in the actuator P4 belonging
to the partial knowledge 2.

[0057] Atthis time, each node connected to the failure
cause node of "very-low air flow rate" is presented to the
maintenance operator, but preferentially guides the fail-
ure effect node of "air supply decrease of air pipe, leak
sound" belonging to the same partial knowledge 2 as the
failure cause node of "very-low air flow rate" of the actu-
ator P4. Subsequently, the failure effect node of "air flow
rate decrease" common to the partial knowledge 3 and
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the partial knowledge 4 is guided.

[0058] Subsequently, the priority of the connection to
the nodes belonging to only the partial knowledge 3 or
only the partial knowledge 4 is determined. First, when
the partial knowledge 3 and the partial knowledge 4 are
compared, the partial knowledge having a larger number
of included nodes is prioritized. The partial knowledge
having the larger number of nodes is considered to be
created by the creator who has the enriched failure knowl-
edge. In this case, the partial knowledge 4 is prioritized.
Thus, D_2 = 1/3 is set for the nodes belonging to only
the partial knowledge 3, and D_2 = 1 is set for the nodes
belonging to only the partial knowledge 4.

[0059] As another method, when a skill level is defined
for the creator of the partial failure knowledge data, the
partial failure knowledge data created by the creator with
a high skill standard may be prioritized.

[0060] As still another method, auxiliary information of
the failure inspection associated with the failure knowl-
edge data and the inspection knowledge created from
the failure knowledge data may be used. For example,
a case where a state monitoring and diagnostic sensor
is attached to the target asset and a case where meas-
urement results of measurement equipment used by the
maintenance operator can be acquired, a diagnostic re-
sultusing the measurement results and an analysis result
useful to determine normality or abnormality by the main-
tenance operator can be used are considered.

[0061] In this case, auxiliary information useful for the
inspection is defined in association with the partial failure
knowledge data 30C. For example, like partial failure
knowledge data 30C’ illustrated in FIG. 14, a link is given
to the diagnosis result of the presence or absence of a
related abnormality and the sensor data useful for the
diagnosis recorded in the monitor diagnostic database 2
in each node.

[0062] When the auxiliary information is given to each
partial failure knowledge data, the partial failure knowl-
edge data to which more auxiliary information is added
is easier to be inspected. In order to enrich the auxiliary
information, since it is necessary to scrutinize the phe-
nomena and determination conditions when the failure
appears at each node, there is a high possibility that par-
tial failure knowledge data having high quality on which
an operation of a failure mode analysis is more carefully
performed is obtained when the partial failure knowledge
data is created.

[0063] Thus, a partial failure knowledge data auxiliary
knowledge which has a large number of added auxiliary
information provided is preferentially guided. Alternative-
ly, a definition rate of the auxiliary information is calcu-
lated by dividing the number of instances of auxiliary in-
formation included in the partial failure knowledge data
by the total number of nodes, and the partial failure knowl-
edge data having a high definition rate is preferentially
guided.

[0064] By the above-described processing, it is possi-
ble to set a guide order of the nodes in the failure knowl-
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edge data of the priority setting processing (S70) based
on characteristics of the partial failure knowledge data.
[0065] In addition to using the characteristics of the
partial failure knowledge data, the score X indicating the
node relatedness between the instances of different par-
tial failure knowledge data generated in the inter-node
relatedness measurement processing (S10) and the re-
latedness adjustment processing (S20) of the failure
knowledge coupling unit 5 can be used for calculating
the priority D. This is because as the score X becomes
higher, the relatedness between the functions between
the nodes and the phenomenon when the failure occurs,
it is considered that there is a high possibility that the
higher score is related to the factor of the failure.

[0066] As a reflection method, it is considered that the
score X is set for the connection between the instances
of partial failure knowledge data for which the score X is
defined as a correction coefficient D_3.

[0067] Subsequently, in procedure display processing
(S80), the failure knowledge data to which the priority is
given is presented to the maintenance operator through
the diagnostic interface unit 8.

[0068] FIG. 15 is an example of a failure inspection
GUIl thatis generatedin the procedure display processing
(S80) and is displayed on the diagnostic interface unit 8.
In FIG. 15, a screen is divided into a left part, a center
part, and a right part. Information regarding the currently
focused component and the failure mode thereof is dis-
played in the center part, the failure effect caused by the
failure mode is displayed. Alternatively, the node for
which the relatedness with the nodes to which other com-
ponents belong is defined is arranged, and the factors
causing the failure mode are arranged in the right part.
[0069] As for the factors causing the failure mode, the
failure effect causing the currently noticed failure mode
and the failure effect of the lower component causing the
failure mode are displayed together. For relatedness def-
initions other than the failure effect, a connection desti-
nation node thereof is presented.

[0070] Since the maintenance operator is easy to un-
derstand the meaning by presenting which component
the nodes such as the failure mode, the failure effect,
and the failure cause appear, information on the compo-
nent to which each node belongs is given.

[0071] Byusingthe GUlillustratedinFIG. 15, the main-
tenance operator can confirm whether or not the failure
mode displayed in the center appears by inspecting the
assets, and can advance the failure inspection while us-
ing, as one of determination materials, whether or not
the phenomenon defined for the failure effect and the
failure cause and the relation destination node displayed
in the left and light parts appears.

[0072] When the inspected failure mode appears,
since information regarding more detailed inspection is
presented on a right side, it is possible to inspect the
status of the related lower component causing the failure
mode by selecting this information. When the failure
mode, the failure effect, the failure cause, or the auxiliary
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information for diagnosing the abnormality of the com-
ponent is defined, it is possible to perform the diagnosis
while referring to the diagnosis result and the related sen-
sor data.

[0073] When the inspected failure mode does not ap-
pear, it is possible to inspect the status of the related
higher component by selecting the failure effect on the
left side or the abnormality of which the appearance is
not confirmed among the abnormalities of higher related
destinations.

[0074] When the failure mode does not appear, the
maintenance operator inputs that the failure mode does
not appear and is not the faulty parts through the diag-
nostic interface unit 8. In response to this input, it is de-
termined that the processing is incomplete in diagnostic
completion determination processing (S90) illustrated in
FIG. 11. Thereafter, in inspection result reflection
processing (S100), since it is not necessary to further
inspect the failure mode in which it is confirmed that the
failure does not appear, the failure effect caused by the
failure mode, and the failure cause causing the failure
mode, aweight D connected to these nodes is setto zero.
[0075] When itis not confirmed whether or not the fail-
ure effect appears, when the failure can be caused by
another failure mode in which the failure appears or the
node having a relatedness with other types, or when the
failure cause is related to another failure mode, only the
weight D connected to the failure mode is set to zero.
The mode simultaneously moves to the failure mode in
which it is confirmed whether or not the failure effect ap-
pears before the attention is focused on a failure mode
of interest displayed in the center part. Accordingly, in
the next inspection step, the connection related to the
confirmed failure mode is not displayed on the GUI, and
itis possible to narrow down and present the nextinspec-
tion target to the maintenance operator.

[0076] The maintenance operator can perform the di-
agnosis using the inspection knowledge by using such a
GUI, but it is possible to instruct the user to present a
more efficient procedure by using the weight D previously
generated in the priority setting processing (S70) at this
time.

[0077] For example, when the failure mode of interest
appears, the details are further inspected by selecting a
factor candidate such as the failure effect displayed in
the right part, but inspection efficiency changes depend-
ing the order in which the inspection is advanced. For
highly efficient surveys, it is considered that a relatively
probable factor is selected and the factor to be easily
inspected is preferentially confirmed.

[0078] In order to realize this, it is possible to urge the
user to preferentially perform the inspection by displaying
the connection with a higher priority D at an upper part
of the GUI. In addition to the display at the upper part, it
is also possible to perform a method of giving a mark on
a candidate having a high priority or changing a display
color.

[0079] In the example of FIG. 15, the failure effect of
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the lower component connected through the very-low air
flow rate of the related failure effect is displayed in the
right part for the failure mode of interest of the actuator
with a very-low actuating force in the center part. This
display order is the order in which the failure effect com-
mon to the partial knowledge 3 and the partial knowledge
4, the failure effect related to the partial knowledge 4,
and the failure effect related to the partial knowledge 3
among the failure effect of the air pipe belonging to the
same partial knowledge and the failure effects related to
the adjustment valve of the partial knowledge 3 and par-
tial knowledge 4 different from each other are displayed
based on the previous result of the weight creation using
the partial failure knowledge data. Accordingly, it is pos-
sible to perform the inspection in consideration of the
strength of the causal relatedness strength, the degree
of enrichment of the knowledge, and the like which are
taken into consideration when the priority setting
processing (S70), and it is possible to perform a high-
efficiency fault identification operation.

[0080] FIG.16is another example of the failure inspec-
tion GUI displayed on the diagnostic interface unit 8. In
the case of the failure inspection GUI illustrated in FIG.
16, the drawing of the asset and the content of the re-
ported abnormality are displayed on the left side of the
screen. Accordingly, the failure inspection GUI assists
for the maintenance operator in specifying the faulty
parts. The portions of the actuator are hatched in the
drawing of the asset, but these hatched portions highlight
the portions corresponding to the component as the cur-
rent inspection target having the failure mode displayed
in the center part. By highlighting such hatching, it is pos-
sible for the maintenance operator to easily grasp the
current inspection portion and the overall image of the
asset.

[0081] Unlike the failure inspection GUI illustrated in
FIG. 15, in the case of the failure inspection GUI illustrat-
edinFIG. 16, the failure effect caused by the failure mode
displayed in the center part or the node for which the
relatedness with the node to which another component
belongs is defined are not displayed. Thus, it is possible
to return to the failure mode previously inspected by ar-
ranging a button to return to the previous inspection step
and clicking by the operator.

[0082] The maintenance operator specifies, as the in-
spection result of the faulty parts, the failure mode in
which the failure appears and is not related to the failure
of the lower component for which the relatedness is de-
fined, or the failure mode and the failure cause thereof
by tracing the inspection knowledge described above and
repeating the confirmation of whether or not each failure
mode appears according to the guide. The specified fail-
ure mode is designated through the diagnostic interface
unit 8, and thus, it is determined that the processing is
completed in the diagnostic completion determination
processing (S90) illustrated in FIG. 11. Thereafter, the
fault identification operation is ended by recording the
specified failure mode in the failure inspection result da-
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tabase 4 in inspection result recording processing (S120)
and displaying the specified failure mode in a report form
on the screen in inspection result output processing
(S130).

[0083] By the above-described processing, when the
instances of divided and created partial failure knowledge
data are integrated into the integrated inspection knowl-
edge and the inspection knowledge is presented to the
operator, the fault identification assistance system of in-
structing a procedure having a high inspection efficiency
in consideration of the characteristics of the partial failure
knowledge data is realized.

[0084] The failure knowledge data is defined by the
combination of the component, the failure effect, the fail-
ure mode, and the failure cause, but it is possible to in-
tegrate fragmentary failure knowledges not including all
the elements thereof as the partial knowledges into the
inspection knowledge.

[0085] Forexample, even though only the failure mode
is defined for a certain component and the failure effect
and failure cause are not defined, the inter-node related-
ness measurement processing (10) in the failure knowl-
edge coupling unit 5, it is possible to extract the relation
between the failure mode and the failure cause and the
failure mode of the higher component without using the
relation between the component and other components
or the failure effect.

[0086] Inthe case ofthe fragmentary knowledge, since
there is a high possibility that the details of the failure are
not sufficiently examined, a correction coefficient of 1 or
lesssuchasD_1=0.5is applied to the connectionrelated
to the fragmentary knowledge.

[0087] The failure knowledge creation unit 7 and the
creation userinterface unit9 are used to create the partial
failure knowledge data. As the creation method, the par-
tial failure knowledge data illustrated in FIG. 4 is created
using the GUI. FIG. 17 is a diagram illustrating an exam-
ple of the GUI for creating the partial failure knowledge
data. On the GUI for creating the partial failure knowledge
data, the graph data illustrated in FIG. 4 is displayed, and
the partial failure knowledge data is created by adding
or deleting the node or adding or deleting the connection.
[0088] Notonly the creation of the partial failure knowl-
edge data, but the relatedness between the instances of
partial failure knowledge data may be created or correct-
ed by using the knowledge of the creator. FIG. 18 is a
diagram illustrating an example of a GUI for creating the
relatedness between the instances of partial failure
knowledge data. On the GUI for creating the relatedness
between the instances of partial failure knowledge data,
the processing in the failure knowledge coupling unit 5
is executed by pressing an inter-knowledge relatedness
button, and the generated inspection knowledge is dis-
played.

[0089] Atthistime, when the displayed connection be-
tween the knowledges is inappropriate from the knowl-
edge ofthe creator regarding the target asset, the creator
deletes the inappropriate connection. Alternatively, when
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it is determined that the relatedness which is not dis-
played in the automatic generation is necessary from the
knowledge of the creator, the connection is manually
added. The score X of the similarity between the connec-
tions may be set manually. In this case, the automatically
calculated score X is presented first, and the creator cor-
rects the score X by using a slide bar or the like. The
creator may adjust the threshold value T used in the re-
latedness adjustment processing (S20) . The creator can
adjust the threshold value to an appropriate threshold
value in which the relatedness between the instances of
generated partial failure knowledge data is most probable
by applying the processing of the inspection procedure
generation unit 6 while changing the threshold value.

[Second embodiment]

[0090] In addition to the configuration of the first em-
bodiment, in the present embodiment, it is possible to
more efficiently and accurately perform the fault identifi-
cation operation by generating an inspection procedure
screen listing inspection methods for confirming an ap-
pearance state and details of the currently focused failure
mode for the maintenance operator and presenting the
inspection procedure screen to the maintenance opera-
tor.

[0091] The "inspection”in the present embodiment in-
dicates an operation of determining whether or not a spe-
cific phenomenon (the appearance of the failure mode,
the failure effect, or the failure cause, and the like) occurs,
and the "inspection" indicates a series of fault identifica-
tion operations (including "inspections").

[0092] FIG. 19is a configuration diagram illustrating a
fault identification assistance system 13 of the asset 1.
The fault identification assistance system 13 includes a
diagnostic unit 11 and a search (inspection) procedure
database 12 (hereinafter, referred to as an inspection
procedure database 12) in addition to the configuration
of the fault identification assistance system 10 described
in the first embodiment. The diagnostic unit 11 is realized
by a central processing unit (CPU) or a program recorded
in read only memory (ROM) or the RAM, and the inspec-
tion procedure database 12 is realized by storage means
such as a hard disk drive (HDD) or a random access
memory (RAM). However, the present invention is not
limited thereto.

[0093] The diagnostic unit 11 determines a state of the
asset by using a sensor provided on the asset and a
procedure defined in advance in the inspection proce-
dure database 12. In the inspection procedure database
12, a procedure for determining whether or not the spe-
cific phenomenon (the appearance of the failure mode,
the failure effect, or the failure cause) occurs in the failure
knowledge data 30A is recorded as inspection procedure
data.

[0094] FIG. 20 is a diagram illustrating an example of
inspection procedure data. Inspection procedure data
400 saves a confirmation procedure performed by the
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maintenance operator or an automatic determination
procedure used by the diagnostic unit 11 when there is
a sensor provided on the asset. An inspection item ID
401 is a unique ID assigned to each inspection item, and
an inspection target ID 402 corresponds to the ID 33 of
the failure mode of the failure knowledge data 30A illus-
trated in FIG. 2. An inspection type 403 indicates either
manual inspection and measurement performed by the
maintenance operator or automatic measurement per-
formed by the diagnostic unit 11. An inspection method
404 indicates a method of the manual inspection and
measurement performed by the maintenance operator
or the automatic measurement performed by the diag-
nostic unit 11. When it is possible to confirm whether or
not a plurality of abnormalities appears in the common
inspection, the same inspection item may be defined for
a plurality of inspection targets. When the contents of the
inspection procedure data 400 and the contents of the
failure knowledge data 30A are illustrated together, the
data structure illustrated in FIG. 21 is obtained.

[0095] The diagnostic unit 11 performs the inspection
procedure in which the inspection type 403 is automatic
in advance among the inspection procedures included in
the inspection procedure data 400 by using monitor di-
agnostic data recorded in the monitor diagnostic data-
base 2 when the fault identification operation is per-
formed, and delivers the result to the inspection proce-
dure generation unit 6.

[0096] In the inspection procedure in the present em-
bodiment, in the priority setting processing (S70) in the
inspection procedure generation unit 6, it is possible to
decrease the guide priority of the node in which the failure
does not occur by setting, as the connection coefficient,
a small value such as D_insp = 0.1 for the connection to
the node in which it is determined that the problem does
not occur by the automatic diagnosis result of the diag-
nostic unit 11.

[0097] The inspection procedure generation unit 6
presents the inspection procedure to the diagnostic user
interface unit 8. When the maintenance operator con-
firms whether or not each failure mode appears and there
is the inspection procedure data linked to the failure
mode, the maintenance operator can efficiently and ac-
curately perform the fault identification by presenting the
inspection procedure data as the inspection procedure.
[0098] Itis possible to generate the inspection proce-
dure GUI by tracing the nodes connected to a lower di-
rection from the nodes of the failure modes as the current
inspection targets based on the fact that the contents of
the inspection procedure data 400 and the failure knowl-
edge data 30A have directed graph structures illustrated
in FIG. 21 and creating the list of the nodes of the inspec-
tion procedure data connected to the nodes connected
to the lower direction.

[0099] FIG. 22 is a diagram illustrating an example of
this inspection procedure screen. In this example, the
inspection procedure GUI is generated when "very-low
actuating force of actuator" is the failure mode of interest.
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The operator can perform the inspection while seeing the
list screen by generating a screen that summarizes in-
stances of inspection procedure data of INOO1, IN0OO2,
INO03, and IN0OO4 which are lower than "very-low actu-
ating force of actuator”, and it is possible to perform an
efficient operation. It is also possible to simultaneously
present the associated sensor data.

[0100] Through the above-described processing, the
fault identification operation can be more efficiently and
accurately advanced by presenting the inspection meth-
od of confirming the appearance state and details of the
currently focused failure mode to the maintenance oper-
ator. Reference Signs List

[0101]

asset

fault identification assistance system
monitor diagnostic database

failure knowledge database

failure inspection result database
failure knowledge coupling unit
inspection procedure generation unit
failure knowledge creation unit
diagnostic user interface unit (diagnostic interface
unit)

9 creation user interface unit

o

O~NO O WN-=2 -

Claims

1. A maintenance operation assistance system, com-
prising:

a failure knowledge database in which failure
knowledge data regarding a failure of an asset
is recorded;

a failure knowledge coupling unit that recon-
structs, as the failure knowledge data, instances
of partial failure knowledge data which are in-
stances of the failure knowledge data created
by being partially divided; and

an inspection procedure generation unit that
presents an inspection procedure to a mainte-
nance operator by using the reconstructed fail-
ure knowledge data,

wherein the failure knowledge coupling unit
evaluates and adjusts a relatedness between
description contents of the instances of different
partial failure knowledge data in nodes, con-
nects the instances of different partial failure
knowledge data, and reconstructs the instances
of connected different partial failure knowledge
data as the failure knowledge data, and

the inspection procedure generation unit sets
priorities when an inspection procedure is pre-
sented to the maintenance operator by the re-
constructed failure knowledge data, and
presents the inspection procedure to a diagnos-
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tic interface unit based on the priorities.

The maintenance operation assistance system ac-
cording to claim 1,

wherein the instances of partial failure knowledge
data include information regarding a target compo-
nent of the asset, a failure mode, a failure cause
causing the failure mode, and a failure effect due to
the failure mode.

The maintenance operation assistance system ac-
cording to claim 1,

wherein the failure knowledge coupling unit calcu-
lates a score indicating the relatedness in consider-
ation of a textual similarity between the description
contents of the nodes, a coincidence between types
of the nodes, and a distance on a structural devel-
opment.

The maintenance operation assistance system ac-
cording to claim 3,

wherein, when the score is less than a predeter-
mined threshold value, since there is no relatedness
between the instances of different partial failure
knowledge data in the nodes, the failure knowledge
coupling unit deletes the score.

The maintenance operation assistance system ac-
cording to claim 4,

wherein the failure knowledge coupling unit deletes
aconnection relation from a higher function to alower
function or a connection relation from a higher com-
ponent to a lower component.

The maintenance operation assistance system ac-
cording to claim 1,

wherein, when a relatedness between the nodes is
evaluated, the inspection procedure generation unit
changes the priorities based on relatedness be-
tween the instances of partial failure knowledge data
to which the nodes belong.

The maintenance operation assistance system ac-
cording to claim 1,

wherein the inspection procedure generation unit
changes the priorities based on degrees of enrich-
ment of the instances of partial failure knowledge
data.

The maintenance operation assistance system ac-
cording to claim 1,

wherein the inspection procedure generation unit
preferentially presents the node belonging to the
same partial failure knowledge data of the node as
an inspection target, and presents the node com-
monly belonging to the instances of different partial
failure knowledge data.
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9.

10.

1.

The maintenance operation assistance system ac-
cording to claim 1,

wherein a GUI including information regarding a
component of the asset and a failure mode, and a
failure effect caused by the failure mode are dis-
played on the diagnostic interface unit.

The maintenance operation assistance system ac-
cording to claim 1, further comprising:

a failure knowledge creation unit that creates
the instances of partial failure knowledge data,
wherein the partial failure knowledge data s cre-
ated by adding or deleting the node or a con-
nection between the nodes in a creation inter-
face unit.

The maintenance operation assistance system ac-
cording to claim 1, further comprising:

a diagnostic unit that executes measurement of
the asset by using a sensor provided at the as-
set; and

an inspection procedure database in which in-
spection procedure data indicating a procedure
for determining whether or not a specific phe-
nomenon occurs is recorded,

wherein the inspection procedure generation
unit presents the procedure to the diagnostic in-
terface unit.

Amended claims under Art. 19.1 PCT

1.

(Amended) A maintenance operation assistance
system, comprising:

a failure knowledge database in which failure
knowledge data regarding a failure of an asset
is recorded;

a failure knowledge coupling unit that recon-
structs, as integrated failure knowledge data, a
plurality of instances of partial failure knowledge
data which is instances of the failure knowledge
data created by being partially divided; and

an inspection procedure generation unit that
presents an inspection procedure to a mainte-
nance operator by using the reconstructed fail-
ure knowledge data,

wherein the failure knowledge coupling unit
evaluates and adjusts a relatedness between
description contents of instances of different
partial failure knowledge data in nodes among
the plurality of instances of partial failure knowl-
edge data, and generates failure knowledge da-
ta after reconstruction by connecting the in-
stances of different partial failure knowledge da-
ta, and
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the inspection procedure generation unit sets
priorities when the inspection procedure is pre-
sented to the maintenance operator by the fail-
ure knowledge data after reconstruction, and
presents the inspection procedure to a diagnos-
tic interface unit based on the priority.

The maintenance operation assistance system ac-
cording to claim 1,

wherein the instances of partial failure knowledge
data include information regarding a target compo-
nent of the asset, a failure mode, a failure cause
causing the failure mode, and a failure effect due to
the failure mode.

The maintenance operation assistance system ac-
cording to claim 1,

wherein the failure knowledge coupling unit calcu-
lates a score indicating the relatedness in consider-
ation of a textual similarity between the description
contents of the nodes, a coincidence between types
of the nodes, and a distance on a structural devel-
opment.

The maintenance operation assistance system ac-
cording to claim 3,

wherein, when the score is less than a predeter-
mined threshold value, since there is no relatedness
between the instances of different partial failure
knowledge data in the nodes, the failure knowledge
coupling unit deletes the score.

The maintenance operation assistance system ac-
cording to claim 4,

wherein the failure knowledge coupling unit deletes
aconnection relation from a higher function to alower
function or a connection relation from a higher com-
ponent to a lower component.

The maintenance operation assistance system ac-
cording to claim 1,

wherein, when a relatedness between the nodes is
evaluated, the inspection procedure generation unit
changes the priorities based on relatedness be-
tween the instances of partial failure knowledge data
to which the nodes belong.

The maintenance operation assistance system ac-
cording to claim 1,

wherein the inspection procedure generation unit
changes the priorities based on degrees of enrich-
ment of the instances of partial failure knowledge
data.

The maintenance operation assistance system ac-
cording to claim 1,

wherein the inspection procedure generation unit
preferentially presents the node belonging to the
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10.

1.

24

same partial failure knowledge data of the node as
an inspection target, and presents the node com-
monly belonging to the instances of different partial
failure knowledge data.

(Deleted)

The maintenance operation assistance system ac-
cording to claim 1, further comprising:

a failure knowledge creation unit that creates
the instances of partial failure knowledge data,
wherein the partial failure knowledge data s cre-
ated by adding or deleting the node or a con-
nection between the nodes in a creation inter-
face unit.

The maintenance operation assistance system ac-
cording to claim 1, further comprising:

a diagnostic unit that executes measurement of
the asset by using a sensor provided at the as-
set; and

an inspection procedure database in which in-
spection procedure data indicating a procedure
for determining whether or not a specific phe-
nomenon occurs is recorded,

wherein the inspection procedure generation
unit presents the procedure to the diagnostic in-
terface unit.

The statement under Art. 19 PCT.

The Applicant wishes to amend claim 1 and de-
lete claim 9.

The description of "Failure knowledge data after
reconfiguration" in claim 1 is based on para-
graphs [0043] - [0045] of the specification as
filed. The amendment to claim 1 is based on
paragraph [0027].
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